INTRODUCTION
The lower Mississippi delta region is one of the most intensively studied Quaternary sections in the world and benthonic foraminifera have been used frequently by various investigators. Surprisingly, although some overall distribution patterns are known, detailed relations between wetland benthonic foraminiferal assemblages and vegetation assemblages within and between regions is not well known. All previous workers have listed a group of species referred to as "marsh" species but have not tried to subdivide them. Also, with the exception of Haman (1982, 1990) , arcellaceans (or "thecamoebians") have been virtually ignored in investigations of freshwater areas of the lower delta. We have carefully sampled most of the major vegetation zones and, in marine marshes, we were careful to sample the entire vertical range of the salt marshes to detect vertical zonations that have been observed elsewhere (Scott and Medioli 1980a ).
Previous cores from the delta, examined several years ago (unpublished student data from Dalhousie University and Collins 1988), indicated the presence of discrete assemblages of marsh species. However, without data on their modem distribution little interpretation of the core assemblages was possible; this is what prompted the present study. Using data from other areas, it was possible to speculate on assemblage characteristics (i.e. elevation, salinity requirements); however, because the Mississippi delta region is much more complex than most regions with the low elevation gradient and the many vegetation types, it was not possible to have confidence in our interpretations.
PHYSIOGRAPHY
Physiographically, this system is a low lying coastal plain with an extremely small vertical gradient, which has promoted the development of an extensive wetland system ranging from saline to freshwater. In this study, we have attempted to sample each of the wetlands except the freshwater cypress swamps. Salinities and temperatures in the wetlands are strongly influenced by atmospheric conditions and one time measurements of these parameters are not so useful; however salinity values were obtained where possible during the sampling.
The tidal range is low (30cm) but storm surges generated by hurricanes can raise the sea level from .5m to over 7m (Penland et al. 1988 ). These authors also state that the average wind-generated waves are low-energy, such that the coastline is considered a storm-dominated system.
PREVIOUS WORK
There have been many studies of vegetation for this region but this paper deals only secondarily with vegetation. Two good general references for vegetation are Chabreck (1972) and Gosselink (1984) . An extensive literature exists on Quaternary benthonic foraminifera in the lower delta region and in other coastal regions bordering the Gulf of Mexico. Komfeld (1931) was probably the first to identify various foraminiferal facies in the littorial zone of the Gulf. Lowman (1949) suggested that foraminiferal assemblages could be matched with sedimentary environments of the lower delta region, including lagoonal and marsh facies. Andersen (1951 Andersen ( , 1953 ) and Warren (1957) described several new foraminiferal species from the area, some of which comprise a large part of present day marsh faunas.
The most comprehensive marsh foraminiferal distribution work in the delta region was done by Phleger (1954 Phleger ( , 1955 Phleger ( , 1960 Phleger ( , 1964 Phleger ( , 1965 Phleger ( , 1966 and Lankford (1959) who identified all the major marsh species and grouped them into assemblage zones. Unfortunately, their sample pattern was not designed to detect the small scale vertical marsh zones, but their work does serve as an excellent overview of the Gulf of Mexico coastal zone. 
METHODS
Samples were collected along 8 transects designed to cover the full spectrum of marsh environments in the lower delta region: transects 1 and 2 are saline marsh on a barrier island; transect 3, saline marsh in a channel inside Terrebonne Bay; transects 7 and 8, brackish marsh; transects 5 and 6, freshwater marsh with rare brackish influence; and transect 4, freshwater floating marsh (text- fig. 1 ). Transects were collected with mean sea level (MSL) as the lower end and higher high water (HHW) as the upper end in the saline marshes. In the freshwater marshes, all vegetation-zone related assemblages were sampled. Samples were collected by hand using a small stainless steel corer When determining assemblage characteristics for the marsh foraminiferal zones, total populations rather than living ones were used since the total population provides an assemblage that represents an integration of all seasonal and other short-term effects (Scott and Medioli 1980b ).
RESULTS -SALINE MARSHES

Vegetation and Salinity
Transect 1: This area was characterized by salinities that increased from the channel (low marsh) to the higher high water mark (25%o to 40%o); however few readings could be obtained in the higher stations because the soil was too dry ( Concurrent with sediment collection for foraminiferal analysis, data on vegetation types and salinities were recorded. Salinities were determined with an American Optical salinity refractometer using interstitial water squeezed from the sediments.
Samples were processed at Dalhousie according to methods described in Scott and Medioli (1980a) . However, the method was altered for those samples thought to contain large numbers of certain arcellacean species. In all previous work on marsh foraminifera, the problem of separating the large amounts of organic material from the foraminifera has been dealt with by decanting away the lighter organic debris, leaving the heavier foraminifera. This technique is very easy and works spectacularly well for foraminifera. However, for some of the arcellaceans, which are characterized by lower density organic shell material, a large number of specimens can be lost using the process (up to 90-95% in two tests done here). Hence, for transects 4-8, it was not possible to decant away the large amounts of organic material observed in the associated samples. In the past, this would preclude further study of the material because it is not possible to efficiently locate specimens in 10cc of organic detritus. Until recently, there was no way to quantitatively split a sample because it could not be dried. We now have a modified plankton splitter developed with J. 0. R. Hermelin (U. of Stockholm) which enables us to quantitatively Transect 2: Only one channel salinity measurement was obtained here (21%/oo) because a torrential rain, which occurred just before the transect was started, lowered salinities abnormally in relation to transect 1. However, transect 2 was sufficiently close to transect 1 that the salinity pattern can be assumed to be the same (table 1). Vegetation along transect 2 was similar to transect 1 with S. alterniflora dominating at stations 1-3. The higher diversity vegetative zone extended from stations 3 to 13 but lacked the number of species observed in transect 1, particularly S. altemiflora. In addition, this middle zone contained a wide area that could almost be described as a sand flat (stations 3-8) and which supported a sparse vegetative cover. Sediment at station 9 was distinctly muddier than at 3-8. At stations 14 and 15, Salicornia sp. declined and was replaced by Juncus spp.; these stations were at or just slightly below HHW.
Transect 3: Channel salinity at this site was low (5%o). However, salinities increased steadily up to station 10 where the reading was 250/oo indicating a trend similar to that noted for transects 1 and 2. Transect 3 sediments here were much less sandy and more organic rich than those observed in transects 1 and 2 (table 1) The transect 8 assemblage is similar to that noted for transect 7 except that C. aculeata is much more dominant in transect 8 and A. salsum and M. fusca occur here in lower percentages. As for transect 7, A. inepta decreases and M. fusca increases at the two transect 8 stations farthest from the channel (1 and 2). The assemblage is similar to that observed for transect 5 except that C. aculeata is even more dominant (89-98%), thereby depressing C. constricta percentages. Foraminifera still are present but again nearer to the channel and mostly H. manilaensis.
RESULTS -FLOATING MARSH, TRANSECT 4
Vegetation This area was represented by only one transect and was characterized by a flora that was patchy but more or less the same throughout. Major species observed were Panicum spp., Thelypteris palustris, and Scirpus spp. (table 8) .
Arcellaceans
Total numbers for both living (44-472 ind./lOcc) and total (148-2072 ind./lOcc) populations were low compared with the brackish marshes but still higher than for the marine marshes. Species diversity was also low (4-6 species; table 11). The assemblage was dominated by C. aculeata (55-90%) but subsidiary species were more prominent: C. constricta (1-35%), Nebela collaris (Ehrenberg 1848b) (6-31%) and assorted Difflugia spp. (3-5%). Nebela collaris made up a disproportionate percentage of the living population. There were no foraminifera observed thereby suggesting no marine influence whatsoever.
It is appropriate here to discuss Haman's (1990) data because it comes from the lake bottom below the floating marsh of transect 4 in Lac des Allemandes (text- fig. 1 ). In this dominantly mineralic environment (as opposed to the organic mat of the floating marsh), Haman (1990) reported an assemblage of predominantly difflugid species, i.e. those using a great deal of agglutinated foreign material to construct their test. This assemblage is completely different than the fauna in the floating marsh just above which is dominated by organic or autogeneous walled forms.
DISCUSSION
The marsh foraminiferal fauna observed was unusual in the saline marshes on the outer barrier islands. These areas had been ravaged by hurricanes the year before and were in the colonization stage at the time of our investigation. It was fairly easy to discriminate between those parts of the marsh that were extensively damaged from those that were less affected. The areas that appeared most damaged were those where the organic content of the soil was low (poorly developed) and the sediment was more sandy and less cohesive (almost all of transect 1 and transect 2 to station 8). Foraminiferal numbers were lower in the sediments with low organic content, and in transect 2, the fauna changed from a calcareous dominated one to an agglutinated fauna in those areas where the sediment became more organic-rich (from station 8 to 9). Marsh foraminifera can regenerate a population in a few days starting from almost zero (Scott and Medioli 1980b), so it is unlikely this is a recolonization lag time. However, there are two factors that may be responsible for the observed pattern, low food supply (which is not a normal limiting factor in a salt marsh) and pH of the sediment (pH gets lower with increasing concentrations of organic material; Phleger and Bradshaw 1966). Low food supply could explain the low overall foraminiferal numbers and lower pH might be responsible for change to an agglutinated EL:
Hydrocotyle umbellata Ipomoea sagittata Typha Polygonum Eleocharis species-dominated assemblage. Since other parameters seem to have little effect on total populations of marsh foraminifera (i.e. competition, predation, environment), it appears food availability might be one of the few parameters that does limit their abundance. Food availability is not generally a problem in marshes except in an area such as this one where the organic rich accumulation has been washed out by storms.
As might be expected in an area where tidal range is low, the vertical foraminiferal zonations are more subdued than in areas with higher tidal ranges. However, there is a clear division in the saline marshes between the upper and lower parts of the marsh in either case. In the higher elevations of all three transects, Trochammina spp. dominate, much as they do in marshes in other parts of the world (Scott and Medioli 1980a 
In lower marsh environments, faunas are different in each transect; with the low marsh dominated by local estuarine influences (Scott and Medioli 1980a) . So, as with other marshes, the high marsh foraminiferal fauna in the lower delta has the greatest potential for providing sea-level information in fossil assemblages. Conversely, the low marsh fauna gives more of an indication of local conditions.
The brackish marshes (transects 7 and 8) here have virtually no vertical gradient, a feature that is reflected in the almost uniform foraminiferal fauna observed along the transects. The only discemable distribution pattern appears to be that Ammotium salsum and Ammoastuta inepta decrease near the highest parts of these transects. This pattern is consistent with what is known about these species from other areas (Scott et al. 1990 ). In the Mississippi Delta area, high brackish marsh and low marsh environments can be defined based on the absence or greatly reduced abundance of A. salsum and A. inepta in the high marsh setting.
Delineating brackish from marine marshes is usually simple because most of the species that are dominant in brackish marshes are either entirely absent or rare in marine marshes. Previous to this study, all species observed in the delta region had been grouped together as "marsh" species with no attempt to distinguish the distribution pattern boundaries of brackish and marine categories.
There are extraordinarily dense populations of freshwater arcellaceans in the brackish and freshwater marshes. These large numbers represent mostly one species, Centropyxis aculeata, which is known to have limited tolerance for low concentrations of salt (Medioli and Scott 1983) . However, these high populations have not been reported previously and this oversight appears to be a direct result of inappropriate processing tech- 2) The vertical zonation observed in the saline marshes is probably present in the brackish marshes as well but is less defined because of the low vertical gradient.
3) It is possible, using a combination of arcellaceans and foraminifera, to distinguish saline, brackish, freshwater, and floating marshes, as well as lacustrine settings. These distinctions are easily transferred to fossil deposits since these forms preserve exceptionally well, even in the low pH marsh deposits.
SYSTEMATIC TAXONOMY
For generic distinctions, we follow Loeblich and Tappan (1964, 1987 
